



CHAPTER 1                                                                                                    
INTRODUCTION 
1.1    Background of Study 
Drilling fluid performance is a major component that contributes to the drilling 
operations‟ success. This fluid is mainly used to promote borehole stability, removing 
drilled cuttings from borehole, cool and lubricate the bit and drill string, and to control 
the subsurface pressure. 
For drilling fluids perform these functions and allow drilling to continue, the drilling 
fluids must be present in the borehole. Unfortunately, undesirable formation conditions 
are encountered causing drilling fluids lost to the formation. A proper designed drilling 
fluid will enable an operator to achieve and overcome the desired geological objectives 
at the lowest overall cost. 
According to Ross. M. C., Williford J., and Sanders M. W,  fluid loss has long been 
recognized as a major concern when determining completion costs and assessing well 
management. Even with best drilling practices, fluid circulation loss still occurring. For 
this reason, much research has been dedicated to investigating various methods and 
equipment to address the scenarios from which fluid loss results.  
Lost circulation is a term used to define the loss of drilling fluid into the formation 
voids instead of returning up to the surface. Loss circulation occurs when applying more 
mud pressure on the formation than it is strong enough to withstand, thereby mud flows 
into fracture that have been created. This process is known as overbalanced drilling. 
Lost circulation can take place while drilling is in progress or during “trips”, when 
pressure surges occur because of the lowering of drillpipe or casing in the hole. After 
the lost circulation occurs, the level of the drilling fluid in the annulus may drop and 
stabile at a particular level, depending on the formation pressure (Nayberg T., 1987). 




loss(major loss). Loss circulation problem is both troublesome and costly such as lost 
rig time, stuck pipes, blow outs and reduction in production.  
1.2    Problem Statement 
Mica used in the drilling fluid to ensure the control loss circulation in a wellbore 
formation. Micas‟ are usually imported from India. Having to import Mica is one of the 
reasons why drilling fluids are expensive. This project sees whether or not the Mica 
found in Malaysia is suitable as an additive for the drilling fluid.  
It is best to be able to use the Mica found in Malaysia due to several economical 
reasons, the first is that the balance of payment of a country decreases. Money leaves 
the country when you import items, not only do you pay for the item; you have to also 
pay for the imports and tariffs that come with it. However if the Mica was produce 
locally, manufactures not only save money on the transaction and transportation cost, 
they also save money on paying import tariffs. Thus, making the much more attractive 
to be produce in a larger amount. 
Now that we have seen the benefit it gives to the private company, we will see how 
much it helps the economy of our country as a whole. The campaign “Belilah Barangan 
Buatan Malaysia” will now be applicable in a larger framework.  
Due to the benefit of both the private companies and our country, I am determined to 











There are several objectives that need to be achieved when completing this project. The 
objectives are:   
 Develop LCM from local Mica (Malaysia) 
 Formulate oil based mud with LCM chosen and testing with current 
technology 
 Evaluate the efficiency and compatibility of Malaysian. 
1.4 Scope of Study 
The research will involve in the understanding of LCM in drilling fluid. The study of 
this project can be broken down to the identification of the appropriate LCM and the 
method of studying and evaluating effectiveness of LCM in oil-based drilling fluid. 
The scope of study mainly investigates the fluid loss properties of the Malaysian Mica. 
The study will be divided into two stages; the first stage involves researching the basic 
properties of the Mica and determining an ideal formulation to be developed. The 
second stage will focus on experimental work in the lab, using the mica with particular 















1.5 Relevancy and Feasibility of the Project 
This project is relevant to the author‟s field of majoring since loss circulation is one of 
the focus areas in drilling process. LCM study as the technology of using Malaysian 
Mica instead of importing from overseas as LCM is not yet been used in the industry. 
The source of Malaysian Mica is from Tapah, Perak. In this project, the author has 
applied fluid mechanics and drilling process theory to find cost-effective LCM for loss 
circulation problem and create methods of environmental sustainability, conservation 
and protecting efforts to evaluate the effectiveness of the LCM. As a petroleum 
engineer, the author has evaluated the current LCM to find the most cost-effective 
solution where the author has proposed Malaysian mica as new LCM. 
The project is feasible since it is within the scope and time frame. The first step in this 
project will be getting an introduction to the related topics by reading books, journals 
and research papers. Research has been done in order to understand better on loss 
circulation material and how to go about the experiment work on the fluid loss factor. 
The research approximately took 1 month time. All the involved variables was 
identified and understood to make the desired drilling fluid. That process took about 2 
months to complete. Once the desired drilling fluid is formed, the lab work begins to 
find the suitable formulation to test the Malaysian Mica. 1 month was needed to 












LITERATURE REVIEW AND THEORY 
2.1 Literature Review 
Loss circulation is a major problem in determining the completion cost and during the 
assessment of well management. . Numerous papers have been written over the years on 
loss circulation. Many of these papers describe a specific method that has been used to 
address the problem, and a number of innovative devices and fluids have been 
developed. 
According to the journal Effect of  Material Type and Size Distribution on Performance 
of Loss/Seepage Control Material. In general, four types of formations are responsible 
for lost circulation which is natural fractured formations, cavernous formations, highly 
permeable formations or unconsolidated formations and induced fracture formations. 
Even with the best drilling practices, circulation losses can occurs in varying degrees 
and the severity of these losses is an indicator of the mud loss to the formation. Loss 
zones can be classified as: 
Type of Loss Zones Lost Severity ( bbl/hr ) 
Seepage Loss 1-10 
Partial Loss 10-500 
Complete Loss >500 
Table 1: Loss Zone Classification (Ali A. Pilehvari 2002) 
For the study of LCM, the paper entitled Laboratory Study of Lost Circulation Materials 
for Use in Both Oil-Based and Water-Based Drilling Mud published by Nayberg T. on 
1987 was reviewed. The objective of this paper is to give a rough idea on estimating the 
appropriate loss circulation material (LCM)  to be used in drilling fluid to prevent loss 
circulation. In this paper, LCM can be divided into three groups according to their 




mica and cork) and granules(ex.: grounded walnut shell and gilsonite). Based on this 
paper, there are four basic factors affecting the performance of a LCM which are the 
concentration of LCM in mud, LCM particle size distribution, the size of largest 
particles in the material and the quantity of the largest particles. 
Besides that, the journal entitled Effect of Material Type and Size Distribution on 
Performance of Loss/Seepage Control Material by Pilehvari A. and Nyshadham R. on 
2002 has been reviewed. A wide variety of materials have been used to combat lost 
circulation over the years. The choice of lost circulation material to use in a given case 
is influenced to some degree by cost and availability in a given drilling area. According 
to the journal, for the purposes of classification, LCM's can be divided into fibers, 
flakes, granules and mixtures. The fibrous LCM's are used mainly in drilling muds to 
lessen the mud loss into large fractures or vugular formations, whereas flaky type 
LCM's can plug and bridge many types of porous formations to stop the mud loss or 
establish an effective seal over many permeable formations. The granular LCM's form 
bridges at the formation face and within the formation matrix, thus providing an 
effective seal, which depends primarily on proper particle size distribution to build a 
bridge having decreasing permeability, as it is being laid down. Finally blended LCM's 
are combination of granular, flake and fibrous materials that will penetrate fractures, 
vugs or extremely permeable zones and seal them off more effectively. 
The journal entitled High Fluid Loss, High Strength Loss Circulations Material by Mark 
W. Sanders, Jason T. Scorsone and James E. Friedheim published in 2010 was also 
reviewed. This paper is describes and discussing the development of  high fluid loss, 
high strength pill system and its optimization using innovative testing methods to ensure 
that it meets field criteria to solve loss circulation problems. In this paper, it is also 
stated that the levels of complexity for evaluating LCM procedures vary. The test 
methods range from using simple, low pressure, API fluid loss test that use filter paper, 







Drilling fluis can be classied depending on the base fluid that is used. Generally, there 
are 3 types of drilling fluids which are water-based muds (WBMs), oil-based muds 
(OBMs), and synthetic-based muds (SBMs).  
WBMs are commonly regarded as not harmful to the marine environment. WBMs are 
also generally used in offshore drilling. However, OBMs provide a number of 
advantages over WBMs that include superior borehole stability, thinner filter cake, 
excellent lubricate, and less risk of stuck pipe. The major disadvantage of OBMs is that 
the base fluid which consists of high level of toxicity poses an environmental hazard if 
it is released into the ocean either through a spill or on cuttings.  
These days, synthetic-based muds are designed to combine the advantageous operating 
qualities of OBMs with the lower toxicity and environmental impact qualities of 
WBMs. SBMs have drilling and operational properties similar to those of OBM systems 
and are used where OBMs are commonly used, such as in difficult drilling situations 
where the properties of WBMs would limit performance. 
2.2.1 Process of mixing and testing drilling fluids  
First and foremost, the mud formulation for water and oil/synthetic based muds is 
created using the mud formulator shown in figure 1. The mud formulator is an excel 
spreadsheet utilized to calculate the appropriate amount of products to be used to mix 
one lab barrel of mud which is almost 350ml in the laboratory. The final weight, type of 
mud, products such as weighting material, emulsifiers, viscosifiers, fluid loss agent and 





Figure 1 : Mud Formulator Spreadsheet 
Next, the base fluids and products are weighed according to the formulation calculated. 
The chemicals are then mixed according to the mixing time and order. In oil/synthetic 
based mud, the emulsifiers are commonly added first into the base fluid such as base 
oil, followed by the viscosifiers, fluid loss agent and finally the weighting material. In 
the laboratory, generally, the mixing time for water based mud is 45 minutes and for oil 








2.2.2 Properties of drilling fluids  
Properties of the mud that we test for in the laboratory depend on the type of drilling 
fluid used. Figure 2 shows the main properties of mud that the author test upon in the 
laboratory and some properties testing carried out for only for a specific type of drilling 
fluid. 
Figure 2 : Properties of Drilling Fluids 
 
Density 
The density of any fluid, which is the mass per unit volume of the fluid, is directly 
related to the amount and average specific gravity of the solids in the system. 
Hydrostatic pressure which is exerted by the fluid column in the wellbore should be 
maintained ideally slightly higher than the formation pressure. This is to insure 
maximum penetration rate with minimal danger from formation fluids entering the 19 
wellbore and also to aid in keeping the borehole open. Equations below are used to 
calculate the hydrostatic pressure exerted by the fluid column:  




Fluid density is generally expressed in lbm/gal (lbm/ft3 in some locations) and in 
specific gravity or g/cm3. Common method for checking the density of any drilling 
fluid which is the regular mud balance shown in figure 3. 
 
Figure 3 : Regular Mud Balance 
Viscosity  
Viscosity of fluids defined as the resistance of fluids to flow. Viscosity measured in the 
unit of poise which is equivalent to dyne-sec/cm2. One poise represents a high 
viscosity, therefore the generally unit that represents the fluids is centipoises. A 
centipoises is equivalent to 1/100 poise or 1 millipascal-second. This property of fluids 
is significant in hole cleaning to control the settling rate of drill cuttings generated by 
the drill bit through moving fluid and bring them up to the surface.  
There are two main apparatus that the author has utilized in the laboratory which are 
marsh funnel and direct indicating viscometer. Marsh funnel shown in figure 9 is a 
simple device for routine measurement of drilling fluids viscosity. The viscosity 
measured through this apparatus is known as funnel viscosity. The Marsh funnel is 
dimensioned so that the outflow time of one quart freshwater (946 cm3) at a 
temperature of 70° ± 5°F (21° ± 3°C) is 26 ± 0.5 seconds. Thus, fluid which records a 
time more than 26 ± 0.5 seconds using the marsh funnel is more viscous compared to 





Figure 4 : Marsh Funnel Viscosity 
Besides that, there is an easier way to measure the flow properties of the fluid. This 
equipment is called general equipment V-G (viscosity-gel) meter, or direct indicator 
viscometer as illustrated in Figure 5. 
 









Gel strength  
Gel strengths of drilling fluid indicate the thixotropic properties and they are 
measurements of the attractive forces under static conditions in relationship to time. 
Generally, gel strengths will increase with time, temperature, and increase in solids. The 
gel strength determines the pressure required to break circulation when the drilling is 24 
shutdown for a certain time. If the gel strength is high, a very high pressure is required 
to initiate the flow of the fluid in the wellbore.  
At times it may be necessary to break circulation at intervals while running into the hole 
rather than to initiate flow in the entire wellbore at the same time in order to minimize 
the pressure spike to initiate circulation. Besides that, the fluid should have sufficient 
gel strength to provide the suspension property under static condition. This property 
should be able to help the fluid to suspend weight material and drill cuttings when the 
circulation ceases(Baker Hughes Drilling Fluid Reference Manual, 2006). 
Gel strength is measured by using the V-G meter. Gel strength must be measured at 10 
seconds (initial gel), 10 minutes and 30 minutes intervals. Sometimes, in the laboratory 
the gel strength is also measured at one hour interval. The gear for the V-G meter is 
switched from 600rpm to 300rpm and then is switched off. After the testing time 
interval for example 10 seconds, the gear is switched to 300rpm and the gel strength is 
measured. The gel strength is measured in the unit of lb/ 100ft2. The types of gel 





Figure 6 : Types of Gel Strength 
Filtration  
Filtration control is one of the main factors considered essential in drilling. Filtration 
measures the relative amount of fluid lost through permeable formations or membranes 
when subjected to pressure. Thus, it is important to minimize the filtrate invasion to the 
formations. When drilling permeable formations, filtration rate is often the most 
important property where the hydrostatic pressure exceeds the formation pressure. 
Proper control of filtration improves the borehole stability chemically. This is because 
controlling the fluid loss minimizes the potentially detrimental interaction between the 
filtrate and the formation. Filtrate invasion may be controlled by the type and quantity 
of colloidal material and by filtration control materials.  
Besides that, controlling fluid loss helps to put off or reduce wall sticking and drag. 
Filtration control is also significant in formation evaluation as invasion of mud filtrate 
may influence the readings taken. The readings may represent the mud filtrate rather 
than the formation fluid properties. Besides that, quality of filter cake which is the 
suspended solids of a drilling fluid that deposited on a porous medium during the 




of filter cake deposited. The physical property of a cake is stated in notations like 
“hard”, “soft,” “tough,” rubbery” and “firm”.  
There are two types of filtration which are static and dynamic. In static filtration, the 
drilling fluid is tested when it is not in motion whereas dynamic filtration occurs when 
the drilling fluid tested is being circulated. In static filtration the wall cake will continue 
to be deposited as the drilling fluid is not in motion, the velocity is zero. When a drilling 
fluid is tested using dynamic filtration, the velocity of the fluid will erode the wall of 
mud cake as it is deposited. The state of equilibrium exists if the rate of erosion equals 
the rate of build-up of the wall cake.  
There are two types of test that the author has utilized all the way through internship 
which are standard API low-temperature/low pressure test and high temperature/high 
pressure (HTHP) test. The standard API low-temperature/low-pressure shown in figure 
below uses the standard API filter press pressured to a differential of 100 psi. 
 
Figure 7 : Standard API Filter Press 
 
The standard API low-pressure filter press consists of a cylindrical cell three inches in 
I.D. and five inches high to place the fluid. The bottom of the cell is fitted with a sheet 
of Whitman No. 50 filter paper. Pressure is applied to the top of the cell at 100 psi. The 
filtrate which known as API filtrate is collected over a period of 30 minutes and 




The high temperature/high pressure (HTHP) test is conducted using the HTHP filter 
press shown in the picture below at a temperature greater than ambient and it requires 
differential pressure of 500 psi. The HTHP filtrate is collected for a period of 30 
minutes in cubic centimeters and the filtrate volume is doubled to correct it to the filter 
area of the API filtration test. The permeable medium used is the same as that used for 
the low temperature test. The filter cake should also be assessed for thickness and 
consistency after the filtrate loss has been tested (Baker Hughes Drilling Fluid 
Reference Manual, 2006). 
 















3.1 Research Methodology  
The assessment on the efficiency of Malaysian mica as LCM in comparison with 
overseas mica will be done in oil-based mud. The main criteria for evaluate the LCM is 
through running the loss circulation experiment. Besides that  several studies and 
experiment conducted on the properties of the LCM such as mud density, rheology of 
mud, filtration and thickness of mud cake.  
There are 2 types of experiments are being carried out in this project. First, is to test the 
physical properties of the Malaysian and India Mica. Physical properties of the 
materials that are tested:- 
1. Mineralogy of the material (XRD machine) 
2. Particle Size Distribution (Sieving method) 
3. Particle Shape (Using SEM) 




Research and Review 
Literatures  
- Building the research base 
- Extract relevant parameters and procedures            
 
Preparation of LCM and 
mud formulation  
- Order Mica in powder form prior to mix with mud 
- Design mud formulation  for oil based mud system to 
analyze the LCM applicability and effectiveness 
- Tools required (multimixer) 
Testing mud plus - Prepare oil based mud with current uses Mica 




industrial used LCM  
Testing mud plus new 
LCM  
Properties Tools Required 
            Density Mud Balance 
            Viscosity March Funnel 
            Electric Stability ES Meter 
- Plastic Viscosity 
- Gel Strength  
- Yield Point 
FANN (Model 35A)  
Viscometer 
- Filtrate Volume 
- Mud cake thickness 
High Pressure High 
Temperature Filter 
Press 
Analyze the Results - Discuss the findings from the results obtained and make a 
conclusion out of the study  
 
Report Writing Compilation of all works into a final report 
Table 2: Activities and Description 
 
3.2 Project Activities  
3.2.1 Sample Collection 
A field trip is conducted on 24
th
 November 2011 to Bidor, Malaysia. This field trip is 
purposely to identify the source of Mica and the type of Mica which is extracted by 
KAOLIN(M), Bidor, Malaysia. Sample preparation are done in the quary itself. The 






3.2.2 Sample Processing 
 
Figure 9: Processes of Mica 
The quarry which is operated by KAOLIN(M) is situated at Bidor, Malaysia. The Mica 
is being extracted from the ground. By using bulldozer, the Mica is extracted from the 
ground and transported by a lorry to another place. After it is gathered, Mica will 
undergo sieving and washing process to remove impurities. After that, Mica is gathered 
in a pond. The wet Mica in the pond will go through Filter press operation where, the 
wet  mica will be pressed to remove the water. Finally, Mica will be dried and packed 








3.3 Gantt Chart and Key Milestone 
Figure 3 and 4 below shows the schedule and timeline of this project carried out for the 
period of 8 months. It consists of two parts which was divided into two semesters called 

















8 9 10 11 12 13 14 
1 Selection of 
Project Topic 
              




              
3 Submission of 
Extended 
Proposal 
              
4 Proposal 
Defense 
              




              




              
7 Submission of 
Interim Draft 
Report 
              
8 Submission of 
Interim Report 
              







No Detail / 
Week 




























               
4 Poster 
Submission 





















               










                           CHAPTER 4 
RESULTS AND DISCUSSION 
 
Results can be divided into 2 parts:- 
a. Physical and Chemical properties of the materials 
a. XRD test 
b. SEM( scanning electron Microscope) 
c. Particle Size Distribution 
 
b. Properties of materials in drilling fluid 
a. Rheology 
b. Plastic Viscosity 
c. Yield Point 
d. Gel Strength 
e. Electric Stability 
f. Fluid Loss 
4.1 Physical and chemical properties 
Firstly, physical properties of Malaysia and India Mica are tested to ensure that the 
correct samples are being used in the project for comparison purpose. Results of the 











73-0491 (C) - Potassium Aluminum Silicate - K57Si135Al57O384 - Y: 50.00 % - d x by: 1. - WL: 1.5406 - Cubic - a 24.80000 - b 24.80000 - c 24.80000 - alpha 90.000 - beta 90.000 - gamma 90.000 - 
87-2103 (C) - Silicon Oxide - Si64O128 - Y: 50.00 % - d x by: 1. - WL: 1.5406 - Orthorhombic - a 18.98000 - b 8.41000 - c 23.04000 - alpha 90.000 - beta 90.000 - gamma 90.000 - Base-centred - Bm
79-1174 (C) - Potassium Sodium Aluminum Silicate Hydrate - K54.08Na13.44(Al96Si96O384)(H2O)110.4 - Y: 50.00 % - d x by: 1. - WL: 1.5406 - Cubic - a 25.07000 - b 25.07000 - c 25.07000 - alpha
79-0675 (C) - Calcium Aluminum Silicate Hydrate - Ca47.04(Al96Si96O384)(H2O)119 - Y: 50.00 % - d x by: 1. - WL: 1.5406 - Cubic - a 25.06000 - b 25.06000 - c 25.06000 - alpha 90.000 - beta 90.0
79-1130 (C) - Calcium Magnesium Aluminum Silicate Hydrate - Ca18.56Mg8.64(Al92Si100O384)(H2O)105.28 - Y: 50.00 % - d x by: 1. - WL: 1.5406 - Cubic - a 25.06000 - b 25.06000 - c 25.06000 - 
89-6762 (C) - Sodium Molybdenum Hydrogen Oxide Hydrate - Na8(Mo152O457H14(H2O)66.5)(H2O)224 - Y: 50.00 % - d x by: 1. - WL: 1.5406 - Orthorhombic - a 49.83500 - b 56.02200 - c 30.18520
Operations: Import
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mica mal
84-1302 (C) - Muscovite 2 ITM RG1 - KAl3Si3O10(OH)2 - Y: 50.00 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 5.20000 - b 9.02100 - c 20.07000 - alpha 90.000 - beta 95.710 - gamma 90.000 - Base-
72-1503 (C) - Muscovite - KAl2(Si3Al)O10(OH)2 - Y: 50.00 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 5.19980 - b 9.02660 - c 20.10580 - alpha 90.000 - beta 95.782 - gamma 90.000 - Base-centred -
82-0576 (C) - Muscovite 2 ITM RG1 - KAl2(AlSi3O10)(OH)2 - Y: 50.00 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 5.21080 - b 9.03990 - c 20.02100 - alpha 90.000 - beta 95.760 - gamma 90.000 - Ba
87-2207 (C) - Sodium Hydrogen Lutetium Aluminum Niobium Oxide Hydroxide Hydrate - Na6.5H19.5((Lu3O(OH)3)2Al2(Nb6O19)5)·44H2O - Y: 50.00 % - d x by: 1. - WL: 1.5406 - Triclinic - a 19.9440
74-0690 (C) - Lead Silicate - Pb2SiO4 - Y: 50.00 % - d x by: 1. - WL: 1.5406 - Triclinic - a 38.78900 - b 7.56700 - c 12.21200 - alpha 90.000 - beta 96.780 - gamma 90.000 - Base-centred - A-1 (0) - 4 -
89-1961 (C) - Quartz low, dauphinee-twinned - SiO2 - Y: 50.00 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 4.92100 - b 4.92100 - c 5.41600 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - 
Operations: Import
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4.1.1 XRD Results 
Figure 10: XRD result on Indian Mica 





4.1.2 Particle Size Distribution( RO-TAP Siever and Malvern Mastersizer 2000) 














20 853 0.853 604.9 606.02 1.12 0 0 5.6 
40 422 0.422 563.5 565.86 2.36 0.3 1.5 11.8 
60 250 0.25 552.5 556.92 4.42 4.72 23.6 22.1 
100 150 0.15 541.2 548.52 7.32 12.04 60.2 36.6 
200 75 0.075 506.6 510.95 4.35 16.39 81.95 21.75 
400 37 0.037 338.6 339.07 0.47 16.86 84.3 2.35 
  0 Pan 486.1 486.1 0 16.86 84.3 0 
  20   100 
  
Sample 
Weight, g = 20   
Table 5: Partile Size Distribution for Indian Mica 
 
 





























b. Malaysian Mica 
Table 6: Particle Size Distribution for Malaysian Mica 
 
 
Figure 13: PSD Graph for Malaysian Mica 
Based on the table, 47% of the sample falls on the pan. This shows that the sample 
is smaller than 37 micron. To determine the particle size distribution of this sample, 





































20 853 0.853 604.9 604.9 0 0 0 0 
40 422 0.422 563.5 563.8 0.3 0.3 1.5 1.5 
60 250 0.25 552.5 552.8 0.3 0.6 3 1.5 
100 150 0.15 541.2 541.8 0.6 1.2 6 3 
200 75 0.075 506.6 510.1 3.5 4.7 23.5 17.5 
400 37 0.037 338.6 344.5 5.9 10.6 53 29.5 
  0 Pan 486.1 495.5 9.4 20 100 47 
  20   100 
  
Sample 





Figure 14: PSD Graph for Indian Mica using Malvern 
4.1.3 Scanning Electron Microscope(SEM) 
a. Indian Mica 




Figure 16 : Indian Mica at 1000X magnification 
b. Malaysian Mica 








      Figure 18 : Malaysian Mica at 1000X magnification 
4.2 Discussion on Physical and Chemical Properties 
Based on both the XRD results interpretation, Malaysian Mica is from Mica 
Muscovite(ground Mica) with general chemical formula of KAl2(AlSi3O10)(F,OH)2 
and Indian Mica is from Mica Biotite with general chemical formula 
of  K(Mg,Fe)3AlSi3O10(F,OH)2. Based on these results, direct comparison of Indian 
Mica and Malaysian Mica cannot be made since the materials are different. 
The average particle size distribution for Indian Mica is 150 micrometer whereas the 
average particle size distribution is 21.085 micrometer.  
Based on the Scanning Electron Microscope, the both the Micas are fairly flaky and 
layered. This is assumed due to the sedimentation process. 
In conclusion, to compare both LCMs‟, the basic criteria is to have the same particle 
size distribution (PSD). In our case, the PSD is far different. Since, direct comparison 
cannot be done in the project. The author has decided to test the compatibility of 




Based on the Scanning Electron Microscope, the both the Micas are fairly flaky and 
layered. This is assumed due to the sedimentation process. 
4.3 Properties of materials in drilling fluid 
The experiments were conducted according to the standard which has stipulated in 
American Petroleum Institute - API 13B-2; „‟Recommended Practice Standard 
Procedure for Testing Oil-Based Drilling Fluid‟‟(Appendix 1).  Sample A actually is the 
base (OBM without LCM) case for this experiment. Other drilling mud samples were 
prepared in order to measure the change in properties of the mud. Below are the 
formulations of the mud that have been tested. 
Formulations A B1 B2 B3 B4 B5 
SARAPAR 147, lb/bbl 161.9 161.9 161.9 161.9 161.9 161.9 
Water,lb/bbl 54.5 54.5 54.5 54.5 54.5 54.5 
CaCl2, lb/bbl 16.3 16.3 16.3 16.3 16.3 16.3 
ECCO-MUL E, lb/bbl 10 10 10 10 10 10 
CARBO-GEL II, lb/bbl 8 8 8 8 8 8 
CARBO-TROL A9, lb/bbl 7 7 7 7 7 7 
Lime, lb/bbl 7 7 7 7 7 7 
API Barite, lb/bbl 239.3 239.3 239.3 239.3 239.3 239.3 
Malaysian Mica, lb/bbl 0 10 20 30 40 50 
RESULTS 
Rheology Temperature 120°F 120°F 120°F 120°F 120°F 120°F 
600 rpm 67 72 76 81 85 88 
300 rpm 40 43 45 48 50 52 
200 rpm 30 32 34 37 39 40 
100 rpm 20 21 22 23 23 24 
    6 rpm ( 6 - 10 ) 7 7 8 8 9 9 
    3 rpm  6 6 7 8 8 8 
Plastic Viscosity, cP ( ALAP ) 27 29 31 33 35 36 
Yield Point, lb/100 ft
2 
 ( 12 - 16 ) 13 14 14 15 15 16 
Gels, 10 sec  8 9 9 10 10 11 
Gels, 10 min  13 13 13 13 13 14 
Electrical Stability, volts ( > 400 ) 617 694 790 824 856 889 
HPHT at 250°F, mL (filter paper) ( < 8.0 ) 6.8 6.4 6.2 6.0 6.4 6.6 
PPA at 250'F and 500psi, mL             
Ceramic Disk (P/N: 170-53-3) (20 micron) 6.8 6.6 6.2 5.8 6.2 6.6 
Ceramic Disk (P/N: 170-51) (40 micron) 7.6 7.2 7.0 6.8 7 7.4 




4.4 Discussion on Properties of materials in drilling fluid 
 Mud Weight 
The major determinant of mud weight in a drilling fluid is API Barite. As the 
amount of API barite is increased, the mud weight increases as well. Density is the 
most important mud property affecting penetration rate. For any given formation 
pressure, the higher the density, the greater will be the differential pressure. 
Selection of mud weight is very dependent on the differential pressure of the well 
bore and other parameters. Less than sufficient mud weight in a formation may 
cause lost circulation. So, the mud weight must be sufficient to confine the 
formation fluid but not great enough to cause other problems such as stuck pipe. In 
the experiment, the mud weight chosen to be set is 12 ppg since the recommended 
the amount of mud weight in the field is around 8 to 12 ppg based on Scomi 
Oiltools manual handbook. 
 Plastic Viscosity 
Viscosity is the term that describes resistance to flow. So high force need to be 
applied for move the high viscosity liquids, whereas low viscosity fluids flow 
relatively required less force and easy to move. Plastic viscosity is a function of 
solids concentration and shape. It will be expected to increase with decreasing 
particle size with the same volume of solids. Moreover, it also can be increased by 
addition of more lost circulation material in the mud. This can be proven in the 
experiment as the amounts of LCM are increased, the value of PV also increased. In 






Figure 19: Plastic Viscosity VS Amout of Mica 
 Yield Point 
Yield point is the attractive force in the mud under flow conditions. The magnitude of 
these forces will depend on the type of their solid present, the ion concentration in the 
liquid phase (Growcock F, 2005). From the figure below which represents by the mud 
plus LCM, the value of yield point for mud increasedas the concentration of LCM 
increased. 
 
The value of yield point will increase as the amount of solid increased. It is similar 
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Figure 20: Yield Point VS Amout of Mica 
 
 Gel Strength  
Gel strength indicates the pressure required to initiate flow after the mud has been static 
for some time and the suspension properties of the mud. In short, gel strength is the 
ability of a drilling fluid to suspend the cutting when the drilling fluid is in stationary 
condition. Gel strength, 10 seconds and 10 minutes indicate the strength of attractive 
forces in drilling fluid under static condition. Excessive forces are caused by high solids 
concentration leading to flocculation. The 10 minutes gel strength will lead to a higher 
flocculation since it has more time. The best drilling fluid has fragile gel strength where 
the forces needed to break the circulation are low over time.  
 
As both the graph shown, they illustrate that the values obtained tend to decrease as the 
amount of LCM is increased. In general, high gel strengths are not desirable and can 
even be dangerous. However, the concentration of Malaysian Mica does not give 
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Figure 21: Gel Strength VS Amout of Mica 
 
 MUD CAKE AND FILTRATE  
Based on the experiment, it is observed that the solid from the mud will form a layer of 
solid called “mud cake” on the filter paper where the mud is pressurized. Filtrate 
volume from the experiment indicates the amount of fluid loss from the mud to the 
formation where it simulates the quantity of fluid loss inside the wellbore. The 
preferable filter cake should be thin, impermeable, and have correct solids distribution 
to prevent fluid loss effectively. In normal conditions, Thick filter cake will increase the 
chance of stuck pipe. The lower the filtrate volume the thinner the mud cakes, means 
that good fluid loss control in mud. When the LCM concentration is increased, the 
filtrate volume will reduce until one point, and then it will start increasing after reaching 
the optimum point due to excessive Mica in the drilling fluid. Since our Mica is about 
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Figure 22: Fluid Loss VS Amout of Mica 
 
Based on the results and discussions above, the optimum concentration of Malaysian 
Mica is 30g. So, this concentration was chosen to be compared to the formulation 
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Formulations A B3 
SARAPAR 147, lb/bbl 161.9 161.9 
Water,lb/bbl 54.5 54.5 
CaCl2, lb/bbl 16.3 16.3 
ECCO-MUL E, lb/bbl 10 10 
CARBO-GEL II, lb/bbl 8 8 
CARBO-TROL A9, lb/bbl 7 7 
Lime, lb/bbl 7 7 
MIL-BAR, lb/bbl 239.3 239.3 
Malaysian Mica, lb/bbl 0 30 
Results 
Plastic Viscosity, cP ( ALAP ) 27 33 
Yield Point, lb/100 ft2  ( 12 - 16 ) 13 15 
Gels, 10 sec  8 10 
Gels, 10 min  13 13 
Electrical Stability, volts ( > 400 ) 617 824 
HPHT at 250°F, mL (filter paper) ( < 8.0 ) 6.8 6.0 
PPA at 250'F and 500psi, mL     
Ceramic Disk (P/N: 170-53-3) (20 micron) 6.8 5.8 
Ceramic Disk (P/N: 170-51) (40 micron) 7.6 6.8 
Table 8: With and Without Mica mud formulations and Results 
 
Based on the results, viscosity is increased about 22.2%, the yield point is increased 
about 15.4%, the gel strength is around the same, and the amount of filtrate is decreased 
by 11.8% for filter paper, 14.7% for 20 micron ceramic disk and 10.5% for 40 micron 
ceramic disk. In short, the properties of Malaysian Mica as LCM can be used in the 














The aim of the project to identify the effectiveness of Malaysian Mica as a Loss 
Circulation Material (LCM) is achieved for certain formations. Lost circulation material 
is very important in preventing mud losses to the formation. Even with the best drilling 
practices lost circulation still occur. Thus it is essential to put lost circulation material to 
minimize mud losses to the formation and Malaysian Mica was chosen to be the lost 
circulation material in this project.  
 
Overall, it is justified that Malaysian Mica is appropriate and can be used as a new 
LCM because of its availability, cost effective, and effective in combating loss 
circulation problem for 20micron and 40 micron formations.  
 
5.2 Recommendation 
However, there are still a lot of things need to be done first before the product can be 
commercialized to the market as the experiments only covered the testing of the mud 
with ultra-fine Malaysian Mica only. Further testing with all different particle size (fine, 
medium and coarse) are still needed to confirm the effectiveness of using Malaysian 
Mica as lost circulation material in the industry. More tests should be conducted to get 
an accurate result such as formation damage system test, X-Ray fluorescence test, and 
etc. These tests should be able to justify, identify and investigate further the properties 
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Appendix 1 – Recommended practice standard procedure for field testing oil-based    
drilling fluid(1998), American Petroleum Institute. 
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